This article reports the orthodontic treatment of a patient with skeletal mandibular retrusion and an anterior open bite due to temporomandibular joint osteoarthritis (TMJ-OA) using miniscrew anchorage. A 46-year-old woman had a Class II malocclusion with a retropositioned mandible. Her overjet and overbite were 7.0 mm and -1.6 mm, respectively. She had limited mouth opening, TMJ sounds, and pain. Condylar resorption was observed in both TMJs. Her TMJ pain was reduced by splint therapy, and then orthodontic treatment was initiated. Titanium miniscrews were placed at the posterior maxilla to intrude the molars. After 2 years and 7 months of orthodontic treatment, an acceptable occlusion was achieved without any recurrence of TMJ symptoms. The retropositioned mandible was considerably improved, and the lips showed less tension upon lip closure. The maxillary molars were intruded by 1.5 mm, and the mandible was subsequently rotated counterclockwise. Magnetic resonance imaging of both condyles after treatment showed avascular necrosis-like structures. During a 2-year retention period, an acceptable occlusion was maintained without recurrence of the open bite. In conclusion, correction of open bite and clockwiserotated mandible through molar intrusion using titanium miniscrews is effective for the management of TMJ-OA with jaw deformity. 
INTRODUCTION
The etiology underlying temporomandibular joint osteoar thritis (TMJ-OA) is not fully understood; however, some contributing factors are known, including internal derangement, macrotrauma, and parafunctional habits. [1] [2] [3] In addition, functional overloading appears to be an important step in the cascade of events leading to osteoarthritis of the TMJ, 1, 4, 5 which can lead to physical disruption of cells, impaired cellular function, transient ischemia of certain cell populations and the production of neurogenic irritants. 4 As a result, the joint tissues collapse. If the joint collapse occurs in both TMJs, condylar resorption causes morphologic collapse of the TMJs and a subsequent decrease in ramus height, which results in progressive mandibular retrusion with anterior open bite. 4 This is called acquired open bite associated with TMJ-OA.
The malocclusion and retrognathic facial profile associated with acquired open bite can be improved by orthog nathic surgery, including maxillomandibular advancement with counterclockwise rotation. However, patients with active TMJ disease and concomitant or resultant maxillofacial skeletal discrepancies who are treated with orthognathic surgery alone often have poor outcomes and significant relapse. [6] [7] [8] This implies that patients with presurgical TMJ symptoms requiring mandibular advancement appear to have an increased risk of condylar resorption. 9 In addition, orthognathic surgery requires sur gical invasion, which carries risks and can result in significant postoperative discomfort. 10 However, no significant alternative treatment for these patients has yet been reported.
Therefore, we suggest orthodontic treatment for patients 
DIAGNOSIS AND ETIOLOGY
A 46-year 9-month-old woman presented with mandibular retrusion and circumoral musculature strain on lip closure (Figure 1 ). She complained of maxillary protrusion and masticatory disturbance due to her open bite. Her facial profile was convex with a severely retropositioned mandible. No facial asymmetry was observed ( Figure 1 ). She had a vertical and horizontal open bite and severe crowding of the upper anterior teeth. The only occlusal contacts were at the bilateral molars; however, significant abrasion was detected on the anterior teeth and pre molars. Although the mandibular midline was shifted 2.4 mm to the left, the maxillary midline was nearly aligned with the facial midline. Overjet and overbite were 7.0 mm and -1.6 mm, respectively. The molar relationship was Angle Class III on the left side due to a missing lower left second premolar, and Angle Class I on the right side. During mandibular excursive movement, molar guidance with balancing side contacts was detected.
In her history, she had been conscious of her retropositioned mandible and chin; but during the past several years, the retrognathia increased. There was no family history of rheumatism or osteoarthritis.
Model analysis showed an arch length discrepancy of -5.8 mm in the upper arch and -3.5 mm in the lower arch. Panoramic radiography showed the absence of the upper and lower third molars, and that the lower left second premolar had been extracted (Figure 2 ). The lower left second molar had little or no alveolar bone support and was a floating tooth. There was severe resorption and deformity in both condyles of the TMJs. Lateral tran s cranial radiography of the TMJ showed that both condyles were located anterior to the glenoid fossa, and no translations of the condyles were induced during mouth opening.
Cephalometric analysis revealed a skeletal Class II maloc clusion with a severe retropositioned mandible ( Figures  2 and 3 ). The mandibular plane and gonial angles were significantly larger than the Japanese norms (Frankfortmandibular angle, 52.7°; Gonial angle, 134.1°). 11 The mandible exhibited a backward and downward rotation with a short ramus. Although the inclination of the maxillary incisors was within the normal range, the lower incisors were labially inclined.
The patient had experienced frequent TMJ pain during mastication and at maximum mouth opening for at least 5 years. Maximum mouth opening without pain was 28.0 mm, and TMJ crepitus was detected on both sides. No muscle tenderness was observed on palpation.
TREATMENT OBJECTIVES
The diagnosis was skeletal open bite with a short mandibular ramus associated with TMJ-OA. The treatment objectives were to correct the anterior open bite, establish an ideal interincisal relationship, and to achieve an acceptable occlusion with a good functional Class I occlusion. This case was treated according to the following plan:
-Extraction of both maxillary first premolars and the mandibular right second premolar.
-Placement of multi-bracket appliances on both dentitions to align the teeth.
-Placement of titanium miniscrews in both sides of the posterior maxilla to intrude the molars, since molar intrusion should lead to subsequent counterclockwise mandibular rotation.
-Use of a transpalatal arch to prevent buccal tipping of the maxillary molars during intrusion.
TREATMENT ALTERNATIVES
To achieve an ideal overjet and overbite, several pro cedures were considered. Although mandibular advancement with orthognathic surgery is considered an effective treatment method, surgical treatment is not strongly recommended for patients with progressive mandibular retrusion associated with TMJ-OA. In addition, surgical treatment requires prolonged hospitalization and higher medical costs, and is the most invasive option. Therefore, conservative treatment was planned to achieve a positive overbite. We did not want to close the anterior open bite by extruding the anterior teeth, because the vertical relationship between the incisors and jaws was considered acceptable prior to orthodontic treatment, and tooth extrusion is generally considered an unstable movement. Therefore, intrusion of the maxillary molars and subsequent counterclockwise rotation of the mandible were considered good options to treat the anterior open bite in this patient.
TREATMENT PROGRESS Three months after initiating splint therapy, her TMJ pain was reduced. Orthodontic treatment was then started using a multi-bracket appliance. A transpalatal arch was placed between the maxillary first molars, and both the upper first and the lower right second premolars were extracted. After the extraction, standard edgewise appliances with 0.018 × 0.025-inch slots were placed on both dentitions, except for the upper incisors ( Figure 4A ).
After leveling and alignment, titanium miniscrews (Dual top anchor; Jeil Medical Co., Seoul, Korea) were placed at the buccal sites of the posterior maxilla, and molar intrusion and canine retraction were initiated using elastic chains from the anchor screws. At this time, the brackets were bonded onto the upper incisors. At 1 year, 0.016 × 0.022-inch Co-Cr alloy wires were placed on both arches ( Figure 4B ). As a result of molar intrusion, her anterior open bite was nearly corrected without the aid of vertical intermaxillary elastics. After intrusion, the canine and molar relationships were changed to almost Class I. At 1 year and 6 months, the space closing process and anterior retraction continued with the use of elastic chains from the miniscrews ( Figure 4C ).
After 2 years and 7 months of orthodontic treatment, an acceptable occlusion was achieved without any recurrence of TMJ symptoms, and the multi-bracket appliances were removed. Immediately after removal, lingual bonded retainers were fixed on both dentitions, and a wraparound retainer was added to the upper arch.
RESULTS
Her convex profile caused by the retrognathic mandible improved considerably ( Figure 5 ). Her lips exhibited less lip tension upon lip closure. An acceptable occlusion was achieved, and overjet and overbite were increased to 2.2 mm and -0.7 mm, respectively. The canine and molar anteroposterior relationships were improved to Class I on both sides ( Figure 5 ).
Panoramic radiography showed little or no changes in condylar structure ( Figure 6 ). Lateral transcranial radio graphy of the TMJ showed that both condyles were still anterior to the glenoid fossa, and that condylar move ments during mouth opening were still poor. Ce pha lometric analysis revealed approximately 1.5-mm maxillary molar intrusion and subsequent counterclockwise rotation of the mandible (Figure 7) . Reduction of the excessive overjet was due to lingual inclination of the upper incisors.
Throughout the treatment period, the patient experienced no recurrence of TMJ pain. Maximum mouth opening without pain was 38.0 mm; however, TMJ crepitus was still detected on both sides. Magnetic resonance imaging taken after treatment showed anterior disc displacement without reduction in both TMJs, and the condylar head was only black in color, which in dicated cortical bone without cancellous bone and bone marrow, suggesting an avascular necrosis-like structure (Figure 8 ).
Two years after retention, the mandibular position was nearly unchanged (Figure 7) . The circumoral musculature strain upon lip closure disappeared, and an acceptable occlusion was maintained without recurrence of TMJ symptoms ( Figure 9 ). The shape of the upper central incisors improved with restorative treatment. The canine and molar relationships remained Class I, and no relapse of the anterior open bite was found. Overjet and overbite were 2.2 mm and 1.3 mm, respectively. Panoramic radiographs showed little or no change in condylar structure, with condylar resorption and deformity ( Figure 10 ). Lateral transcranial radiography of the TMJ showed that the condylar movements during mouth opening were still poor. lofacial skeletal discrepancies often have poor results and significant relapse. [6] [7] [8] 13, 14 This implies that patients with TMJ symptoms have an increased risk of condylar resorption. Symptomatic and asymptomatic pre-existing TMJ pathologies that can lead to unfavorable outcomes include the following; internal derangements, progressive condylar resorption, condylar hyperplasia, osteochondroma, and congenital deformities. 14 Since the TMJs are the foundation of orthognathic surgery, the resultant pathology of TMJ conditions with gross erosive changes in the articulating components of the fossa and condyle resulting in vertical height loss offers a poor base for maxillofacial skeletal and functional reconstruction. Furthermore, the degenerative and osteolytic changes in the joint components due to these conditions make these TMJ components highly susceptible to failure under the new functional loading resulting from orthognathic surgical repositioning of the Maxillomandibular advancement with counterclockwise rotation of the occlusal plane is an established procedure for patients with healthy TMJs. However, patients who had presurgical TMJ symptoms and underwent orthognathic surgery alone had a statistically significant rate of skeletal relapse related to condylar remodeling and resorption. In addition, orthognathic surgery requires surgical invasion, which carries risks and can cause postoperative discomfort. Therefore, orthognathic surgery is not recommended for patients with progressive man dibular retrusion associated with TMJ-OA. In the present case, the patient had an anterior open bite with a retropositioned mandible caused by severe condylar resorption and deformity, indicative of TMJ-OA. Therefore, conservative treatment was planned to acquire a positive overbite.
Morphologic collapse of the joint component by TMJ-OA induces a decrease in ramus height, leading to clockwise rotation of the mandible and an anterior open bite. These characteristics appear to cause TMJ overloading. The re sults of finite element model analysis showed that an open bite can induce greater TMJ stress than normal occlusion. 15 Furthermore, clockwise rotation of the mandible, which is a major character of skeletal anterior open bite, leads to a synergistic increase in TMJ stress during clenching. 15 This suggests that improvement of mandibular clockwise rotation, which results in the reduction of TMJ overloading, may be indispensable for treatment of acquired open bite associated with TMJ-OA. However, it is nearly impossible to provide skeletal improvement in patients with anterior open bites using traditional orthodontics.
Several recent studies have demonstrated effective treatment of anterior open bite patients with Class I or II jaw relationships using temporary anchorage devices (TADs), which has now been established as a new treatment strategy. 10, [16] [17] [18] [19] Absolute molar intrusion, which was previously impossible with traditional orthodontic mechanics, using TADs results in counterclockwise rota tion of the mandible, and the reduced overbite is increased without incisal elongation. Kuroda et al. 10, 17, 18 reported that although the mandibular plane was rotated more than 5 o by molar intrusion, the patients had no functional problems after treatment. In addition, the procedure is definitely less invasive than a Le Fort I osteo tomy for maxillary impaction with a mandibular re positioning osteotomy, and provides superior morphologic improvement over orthognathic surgery. 18 Therefore, absolute anchorage with TADs was used in the present case.
Superimposition of the cephalometric tracings before and after treatment showed counterclockwise rotation of the mandible due to upper molar intrusion. Because of this mandibular rotation, the mandibular plane angle was decreased by 2.3 o . The mandibular condyles also exhibited rotational repositioning in the inferior direction. Consequently, due to increases in the anterior and superior areas, the joint space became nearly uniform. It would be reasonable to assume that these changes in condylar position, if accomplished with optimal occlusal support, may lead to biomechanical equilibrium in the TMJ. When TMJ-OA is progressing, the condyle deformity is more prominent with a shorter ramus height. Although TMJ-OA often has an unpredictable course, optimal condylar position and stable occlusion can achieve biomechanical equilibrium in the TMJ, and this may inhibit progression of TMJ-OA, and occasionally lead to functional and adaptive remodeling of the condyles through resorption repair. 20 In the current case, there was no recurrence of TMJ symptoms during the orthodontic treatment. Al-http://dx.doi.org/10.4041/kjod.2012.42.2.144 though anterior disc displacement without reduction and condylar resorption and deformity persisted after treatment, all symptoms of TMJ disease disappeared, and long-term stability of both the occlusal and symptomatic states was obtained.
CONCLUSION
Growing evidence suggests that in TMJ-OA, similar to OA in other joints, overloading may initiate a series of degenerative changes, such as condylar resorption, decreased mandibular ramus height, mandibular clockwise rotation, progressive mandibular retrusion, and an anterior open bite. To date, many treatment modalities for TMJ-OA have been reported; however, the treatment outcomes depend on the preoperative TMJ conditions. Therefore, understanding the pathogenesis of TMJ-OA and its current clinical treatment is essential for developing a "good as new" treatment for TMJ-OA, including the orthodontic approach. We showed here that orthodontic correction through molar intrusion using titanium miniscrews was effective for the management of an open bite and clockwise-rotated mandible associated with TMJ-OA and jaw deformity.
